F
ifty years ago, the short-term mortality rate from spinal cord injury was 20%. 1 Advances in the care of these catastrophically injured patients have significantly reduced mortality. [2] [3] [4] [5] [6] Currently, it is estimated that 7,000 to 8,000 individuals in the United States survive an initial spinal cord injury each year. 7 A study 2 of 9,135 patients demonstrated a cumulative 12-year survival of 85.1%.
Despite these improvements, spinal cord injury is the second most expensive condition treated in US hospitals, with mean acute-care hospital charges of $53,000, exceeded only by the respiratory distress syndrome of infants (mean charges of $68,000). 8 Prolonged hospital stays contribute to high hospital charges, as spinal cord injury ranks third behind respiratory distress syndrome of infants and prematurity/low birth weight among conditions requiring the longest length of stay (LOS). 8 Secondary medical complications associated with spinal cord injury may also contribute to both hospital costs and LOS. Respiratory complications are frequent in patients with acute cervical spinal injury (CSI). The incidence of respiratory complications ranges from 50 to 100%, having changed little over the last 25 years. 9 -12 Pneumonia is the leading cause of death irrespective of patient age and the length of survival after injury. It is also the most common cause of death in those with tetraplegia. 5 The present study was undertaken to test the hypothesis that respiratory complications in patients with acute traumatic CSI are important determinants of initial acute-care LOS and total hospital costs. We also postulated that respiratory complications are more important contributors to hospital costs and LOS than other commonly occurring nonrespiratory complications. We reviewed all cases of acute CSI for a 5-year period at our institution and found a significant relationship between the number of respiratory complications experienced and both LOS and hospital costs. This relationship persisted after accounting for nonrespiratory complications and other patient characteristics.
Materials and Methods

Subjects
We retrospectively reviewed the database of the Midwest Regional Spinal Cord Injury Care System (MRSCICS) at Northwestern Memorial Hospital (NMH) for all patients with acute CSI admitted from 1993 through 1997. Since trauma to the chest can result in respiratory complications independent of the level of injury, patients with concurrent thoracic injuries were excluded.
Subjects with either motor or sensory neurologic deficits were classified at the highest level of bilateral normal function according to the criteria established by the American Spinal Injury Association (ASIA). 13 For this study, subjects with both motor and sensory neurologic deficits were classified according to the highest level of bilateral normal motor function. Subjects with injuries to the spinal column who were without neurologic deficits were classified as "intact," and were not further stratified according to the skeletal level of injury. Patients who died during the initial hospitalization were excluded to define a more homogeneous study population, as associations with predictor variables and LOS differed between patients who died and those who were discharged alive.
During this period, 919 patients with acute spinal injury were entered into the MRSCICS database. Of these patients, 427 sustained injuries to the cervical spine. Eleven patients (2.6%) died during the acute-care short-term hospital admission and were therefore excluded. Three patients sustained injuries resulting in an isolated sensory deficit, but none experienced respiratory complications. They were excluded from the sample because the small sample size would preclude any meaningful subset analysis. Motor neurologic deficits were present in 180 of the remaining subjects (43%), and 233 subjects (57%) had sustained an injury to the spinal column but were neurologically intact. The Institutional Review Board of Northwestern University approved this study.
Operational Definition of Variables
Data used in this analysis were derived from three sources: (1) the prospectively collected database of the MRSCICS, (2) the financial database of NMH (Trendstar; HBOC; Atlanta GA), and (3) the prospectively gathered records of the Infection Control Office at NMH. All variables were determined from at least two of these sources with the exception of total hospital costs, which were only available from the financial database. Inconsistencies in the data between sources were resolved by chart review.
Respiratory Complications: Mechanical ventilation was considered a complication if it was required for at least 48 h after hospital admission or surgery. Tracheostomy was considered a complication if it was performed at any time during the shortterm hospitalization. Atelectasis was not included as a respiratory complication because of the inability to confirm the incidence from two sources, and a lack of consistently applied diagnostic and quantitative criterion.
The use of mechanical ventilation and tracheostomy insertion were obtained from the MRSCICS database and confirmed by the NMH database using hospital charge codes. Chart review was necessary in 23 patients, representing 5.5% of the entire cohort and 18% of patients requiring mechanical ventilation. There was no discrepancy between data sources for tracheostomy tube insertion.
Infectious Complications: The Infection Control Office, which utilizes the methodology of Garner et al 14 and Emori et al, 15 was the primary source for data regarding the incidence of nosocomial pneumonia, and urinary tract and wound infections. Criteria used to establish a diagnosis of pneumonia is presented in Table  1 . The incidences of these infectious complications were confirmed using both the MRSCICS database and the financial database of NMH by querying for the diagnosis of pneumonia To assess the impact of other complications on total hospital costs, the MRSCICS and hospital databases were also queried to obtain the incidence of deep venous thrombosis (DVT) [ICD-9 code 451._], pulmonary embolism (ICD-9 code 415.1_), and the mechanical complications of internal orthopedic devices (ICD-9 code 996.4). There were no discrepancies between data sources for these variables.
Other variables: Since severity of injury was likely to affect both LOS and total hospital costs, the initial level of injury, age, and the need for surgical intervention (all obtained from the MRSCICS and NMH databases) were included as additional variables. There were no differences in the incidence of these variables between data sources.
End Points
LOS, expressed in days, for the initial acute-care admission was determined from the MRSCICS database and confirmed by the NMH database. Initial acute-care hospital costs were obtained using the financial database. All costs were corrected to 1997 dollars. Average per diem costs were determined by dividing total hospital costs by LOS. Analyses of LOS, hospital costs, and per diem costs were based on log-transformed data because of skewness in the distribution for these variables. Since physician services are billed from several different sources and are independent of hospital services, they were not included in the analysis.
Statistical Analysis
The primary end point of the study was the difference in LOS and hospital costs as a function of respiratory complications. To test the hypothesis that the number of respiratory complications influences both LOS and total hospital costs, and to examine whether LOS and hospital costs differed by level of injury, analysis of variance followed by Tukey post hoc analyses were used. 17 Pearson 2 analyses were conducted to examine differences in respiratory and nonrespiratory complications between subsets of subjects stratified according to the presence or absence of a neurologic deficit, and the need for surgical repair. The incidence of complications in neurologically intact subjects and in subjects with motor deficits was compared separately for those who required surgery and for those who did not.
Regression analysis was used to confirm the importance of respiratory complications and to determine the contribution of level of injury, nonrespiratory complications, and other patient characteristics to the variance in LOS and hospital costs. We chose a hierarchical, as opposed to a step-wise, method of regression analysis to intentionally order the variables to be entered. 17 This allowed us to control for the effect of other patient characteristics, such as level of injury, which might contribute to LOS and hospital costs before examining the effect of respiratory complications. Three models were constructed for this analysis. In the first model, three variables-level of injury, need for surgery, and age-were included under the assumption that they significantly contribute to total hospital costs and need to be controlled before determining the unique effect of respiratory complications. Next, the incidences of mechanical ventilation, pneumonia, and tracheostomy were added, forming the second model. Finally, the incidences of UTIs, wound infections, DVTs, and orthopedic device failures were added comprising the third model.
Results
Distribution of Neurologic Injury
The distribution of ASIA classification level as a function of neurologic level of injury is presented in Figure 1 . Among those with a motor level of injury, complete injuries (ASIA impairment classification A) were present in 79 subjects (44%) and incomplete injuries (ASIA classifications B, C, and D) were found in 92 subjects (51%). 13 The ASIA classification was unknown in nine subjects (5%). The distribution of motor levels of injury and ASIA classifications for this cohort did not differ significantly from those of the National Spinal Cord Injury Database (data not shown). Table 2 summarizes the respiratory and nonrespiratory complications in patients with acute CSI as a Figure 1 . ASIA impairment scale on hospital admission. A ϭ complete injury, no motor or sensory function; B ϭ incomplete injury with sensory but not motor function; C ϭ incomplete injury with partial motor function below neurologic level (at least 50% of key muscles less than grade 3); D ϭ incomplete injury with partial motor function below neurologic level (at least 50% of key muscles more than grade 3); unknown ϭ data not unavailable. function of type of neurologic deficit and need for surgical repair. The incidences of mechanical ventilation ( 2 ϭ 78.621; p Ͻ 0.001), pneumonia ( 2 ϭ 51.344; p Ͻ 0.001), and tracheostomy ( 2 ϭ 61.330; p Ͻ 0.001) were greater among subjects with a motor deficit compared with those who were intact. These differences were also present regardless of the need for surgical intervention. However, in subjects with a motor level of injury, the incidences of mechanical ventilation ( 2 ϭ 4.281; p Ͻ 0.02) and tracheostomy ( 2 ϭ 18.681; p Ͻ 0.001) were greater among those requiring surgical repair of their injury. The incidence of DVT was greater among subjects with a motor level of injury who did not require surgery compared with those who did require surgery ( 2 ϭ 8.08; p ϭ 0.003).
Frequency of Complications
Hospital Costs and LOS
To determine whether total hospital costs, LOS, and per diem costs were directly associated with the level and type of spinal injury, we examined the mean log-transformed data for total hospital costs (LgCost), mean log-transformed data for LOS (LgLOS), and mean log-transformed data for per diem costs (LgDiem) as a function of spinal injury (Fig 2) . Per diem costs did not differ between intact subjects and those with a neurologic level of injury; nor did per diem costs differ between level of injury. However, there were significant differences between intact subjects and those with motor injuries for LgLOS and LgCost at all levels of injury except C8: mean LgLOS compared to intact subjects, C2 (t ϭ 3.429; p ϭ 0.014), C3 (t ϭ 3.796; p ϭ 0.004), 
Respiratory Complications
The impact of the number of respiratory complications experienced by the entire cohort on LgLOS and LgCost is illustrated in Figure 3 . The relationship between the number of respiratory complications (from none to three or more; there was a single case with four complications) and the mean LgLOS and LgCost shows both variables increasing with additional complications (for LgCost, t ϭ 13.266, p Ͻ 0.001 between none and one complication; t ϭ 4.694, p Ͻ 0.001 between one and two complications; t ϭ 1.865, p ϭ 0.24 between two and three or more complications). The relationship between the number of respiratory complications and LgLOS showed similar levels of significance.
Regression Analyses
The results of the hierarchical regression analysis of the impact of respiratory, nonrespiratory, and other comorbid conditions on hospital costs and LOS for the entire cohort are presented in Tables 3, 4 . In Table 3 , for model 1, level of injury and need for surgery are both significant; that is, subjects with higher levels of injury who also require surgery have higher hospital costs and LOS. Age does not have a significant effect in this, or subsequent, models. Of the two significant predictors, level of injury (␤ ϭ Ϫ 0.429 for hospital costs) contributes more to the prediction than need for surgery (␤ ϭ 0.345 for hospital costs).
Model 2 includes the three items in model 1 plus the three respiratory complications. All three significantly predict both hospital costs and LOS. These additional variables reduce the importance of level of injury (from Ϫ 0.429 to Ϫ 0.154) in predicting hospital costs. The incidence of mechanical ventilation becomes the most important contributor to hospital costs (␤ ϭ 0.296), followed by need for surgery, the incidence of pneumonia, and the incidence of tracheostomy. The three respiratory complications are also among the four most important variables predicting LOS. Finally, when UTIs and other complications (wound infections, DVTs, and orthopedic device failures) are added to the model, only UTIs and wound infections are significant additional predictors of hospital costs and LOS. The effect of including the incidence of DVTs or orthopedic device failures is nonsignificant in predicting either hospital costs or LOS. When all these additional variables are included in the model, the importance of level of injury decreases even further (from Ϫ 0.154 to Ϫ 0.125) but the incidence of mechanical ventilation, the need for surgery, and the incidences of pneumonia and tracheostomy continue to be the most important predictors of hospital costs. A parallel relationship exists for LOS. While it is important to identify the variables that contribute to the prediction of LOS and hospital costs, it is also important to know the extent to which the set of variables explains the variation in these outcomes. Table 4 shows the percentage of variance accounted for at each level of the model (R 2 ) and the increase in explained variance (⌬R) with the addition of new variables for both hospital costs and LOS. Level of injury is responsible for 23% of the variation in both hospital costs and LOS. Controlling for level of injury and including the need for surgery to the model significantly increases the explained variance (by 11.5% for hospital costs and 4.9% for LOS), but adding age to the model has a negligible effect. Adding the number of respiratory complications represents the single most significant increase in the variance of hospital costs (24.5%). Thus, respiratory complications explain more of the variation in hospital costs than any other single factor, including level of injury. Respiratory complications also account for a comparable degree of the variance in LOS. The addition of UTIs and other complications adds little to the ability to explain the variation in either hospital costs or LOS. Finally, repeating all regression analyses with the addition of those patients initially excluded due to in-hospital death did not significantly alter the results (data not shown).
Discussion
This study demonstrates that the occurrence of respiratory complications in patients with acute CSI contributes significantly to both LOS and hospital costs for the initial acute-care hospital admission. Our analysis shows that four variables-use of mechanical ventilation, occurrence of pneumonia, the need for surgery, and use of tracheostomy-explain nearly 60% of the variance in hospital costs for this cohort. Further, each of these variables, when considered independently, is a better predictor of hospital costs than level of injury. We also observed that differences in hospital costs reflect parallel differences in LOS, as per diem costs did not vary by level of injury.
Several aspects of our study design strengthen this retrospective analysis. All variables were determined from at least two independent sources with chart review resolving any differences between data sources. Two analyses were then performed to explore the importance of respiratory complications. The analysis of variance revealed significant increases in both LOS and hospital costs as the number of respiratory complications increased. This finding was then confirmed using a hierarchical regression analysis designed to consider the importance of level of injury, age, and need for surgery before examining the importance of respiratory complications.
This study is the largest and most comprehensive study of respiratory complications in patients with spinal injury, and can form the basis for subsequent prospective interventions aimed at reducing their frequency. It extends the observations of previous investigations 9 -12 of respiratory complications by examining their impact on LOS and hospital costs. In contrast to prior reports, we chose to exclude atelectasis as a respiratory complication because of the inability to confirm the incidence from two sources, and to ascertain consistently applied diagnostic and quantitative criterion. Since atelectasis is the most frequent respiratory complication of CSI, our analyses may underestimate the importance of respiratory complications. 11, 12 of mechanical ventilation and pneumonia obtained from this study with the results of the largest prospective study 12 in the literature. This comparison reveals comparable use of mechanical ventilation but a discrepancy in the incidence of pneumonia. Since the earlier study did not detail the diagnostic criteria or methodology used to establish the incidence of pneumonia, we attribute the lower incidence in our cohort to a more rigorously applied definition of pneumonia.
Our analysis was limited to a single institution. While economic analyses based on a single institution may be criticized as being less applicable to the larger medical community, such analyses avoid the need to account for regional variations in costs. Additionally, we examined hospital costs instead of charges to minimize the impact of differential reimbursement for health-care services. 18 Despite the potential limitation of hospital costs, our data regarding LOS are comparable to those reported in a national database. Mean LOS for our cohort was 14.6 days with a median value of 10.0 days. Data from the Healthcare Cost and Utilization Project, Nationwide Inpatient Sample from the Agency for Healthcare Research and Quality reveal a mean LOS of 16.7 days with a median of 9.2 days for the diagnosis category "spinal cord injury" for the same 5-year period. 19 In summary, our analysis of the initial acute-care hospitalization of patients with CSI admitted to a regional spinal cord injury care center has demonstrated that LOS and hospital costs increase with the number of respiratory complications experienced during the hospitalization. Further, respiratory complications that are considered secondary complications of CSI are as important as level of injury in contributing to the prediction of LOS and hospital costs.
